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Introduction
Contracture is characterised by a loss of range of motion 
secondary to adaptive shortening of soft tissues spanning 
joints (Botte et al 1988, Harburn and Potter 1993). It is a 
common problem for people with acquired brain injury 
(Fergusson et al 2007, Kwah et al 2012). Contracture is 
undesirable because of its potentially serious implications 
for motor recovery, function, care, hygiene, and posture 
(Fergusson et al 2007). Thus treating and preventing 
contracture are often important aspects of rehabilitation.
While passive stretch has been the mainstay of physiotherapy 
management for contracture, a recent Cochrane systematic 
review of passive stretch concluded that regular stretch 
provided for less than 6 months is not effective in people with 
neurological conditions (Katalinic et al 2010). In the studies 
included in that review, the stretch was administered in 
different ways including splints (Harvey et al 2006, Lannin 
et al 2007), sustained passive stretch and positioning (Ada 
et al 2005, de Jong et al 2006, Dean et al 2000, Gustafsson 
and McKenna 2006, Harvey et al 2003, Horsley et al 2007), 
standing on a tilt table (Ben et al 2005, Harvey et al 2000), 
and serial casting (Moseley et al 1997). Stretch alone may be 
ineffective for the treatment and prevention of contracture 
because it does not address possible underlying causes of 
contracture, namely muscle weakness and spasticity (Ada et 
al 2006). Weakness and spasticity are common impairments 
after acquired brain injury. They immobilise joints in 
stereotypical postures predisposing them to contracture 
(Ada et al 2006, Fergusson et al 2007). Stretch provided 
in conjunction with interventions addressing weakness and 
spasticity may be more effective than stretch alone.
Electrical stimulation is increasingly used to increase 
strength and reduce spasticity in people with acquired 
brain injury. A systematic review concluded that electrical 
stimulation has a modest beneﬁcial effect on muscle 
strength after stroke (Glinsky et al 2007). Two of the 
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What is already known on this topic: Stretch alone 
may not affect contracture, perhaps because it 
does not address underlying muscle weakness and 
spasticity. Electrical stimulation can increase strength 
and reduce spasticity in some patients at risk of 
contracture.
What this study adds: The effect of  electrical 
stimulation for contracture management was not 
clear. While further research is needed to clarify 
the effectiveness of electrical stimulation, it may 
be reasonable to use electrical stimulation in 
conjunction with splinting because it is inexpensive 
and not associated with discomfort or pain.  It may 
be appropriate to use stronger doses of electrical 
stimulation than that used in the study.
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studies included in that review speciﬁcally investigated 
the effect of electrical stimulation on the strength of wrist 
and ﬁnger extensor muscles after stroke and both reported 
large effect sizes (Bowman et al 1979, Powell et al 1999). 
There is also initial evidence that electrical stimulation may 
reduce spasticity. Three randomised trials in people with 
stroke (Bakhtiary and Fatemy 2008, Cheng et al 2010, Yan 
et al 2005) showed a reduction of ankle spasticity following 
electrical stimulation. While these studies were performed 
in the lower limbs, there is no reason to believe that the 
response of upper limb muscles to electrical stimulation 
differs from the response of lower limb muscles. Weakness 
and spasticity are the two known contributors to contracture. 
Electrical stimulation, when provided in conjunction with 
stretch, may help reduce contracture by increasing strength 
and reducing spasticity.
The possible therapeutic effect of electrical stimulation for 
contracture management is supported by a trial in people 
with stroke (Bakhtiary and Fatemy 2008), which reported 
a small treatment effect of electrical stimulation on passive 
ankle dorsiﬂexion range of motion (mean between-group 
difference 5 degrees, 95% CI 2 to 7). While this trial suggests 
that electrical stimulation is therapeutic, supramaximal 
levels of electrical stimulation for 9 minutes a day were 
applied (ie, the intensity was set at 25% over the intensity 
needed to produce a maximum contraction). Supramaximal 
doses are not commonly used clinically because of the 
associated discomfort. It is not clear how Bakhtiary and 
Fatemy overcame this problem. We were interested in 
whether we could replicate these results using a similar 
protocol of electrical stimulation but with a lower and more 
readily tolerated intensity of electrical stimulation applied 
for 1 hour a day rather than 9 minutes a day. We were also 
interested in combining electrical stimulation with stretch 
as this has not been investigated previously. Splinting was 
selected as a way of readily providing sustained stretch. The 
research question therefore was:
Is a program of electrical stimulation and splinting 
more effective than splinting alone for the treatment 
and prevention of wrist contracture following acquired 
brain injury?
Method
Design
An assessor-blinded, randomised controlled trial was 
undertaken. All participants were randomly allocated to one 
of two groups: experimental group (electrical stimulation 
and hand splinting) or control group (hand splinting only). 
The allocation sequence was computer-generated by a 
person not involved in participant recruitment. Group 
allocation was concealed using consecutively numbered, 
sealed, opaque envelopes which were kept off-site. The 
envelopes were opened after the baseline assessment, at 
which time participants were considered to have entered 
the trial. Follow-up assessments were conducted at the end 
of the 4-week program (post-intervention) and 2 weeks 
after that (follow-up). All assessors were blinded to group 
allocation. The success of blinding was monitored.
Participants
Patients admitted with a stroke or traumatic brain injury to 
one of ﬁve rehabilitation units in Sydney, Australia, were 
screened for inclusion between June 2008 and November 
2011. The eligibility criteria were: ﬁrst documented stroke 
or traumatic brain injury; weakness of wrist and ﬁnger 
extensor muscles (inability to extend wrist and ﬁngers 
fully in a gravity-eliminated position); and dystonia/
ﬂexor spasticity in the wrist and ﬁngers equating to a 
Tardieu scale score * 1 (Tardieu et al 1954), or any loss of 
extensibility in the extrinsic wrist and ﬁnger ﬂexor muscles 
compared to the unaffected side. People were excluded if 
they were unable to tolerate the experimental interventions, 
unlikely to stay in the hospital for four weeks, had severe 
contracture preventing measurement with our device (ie, 
inability to passively extend the ﬁngers with the wrist in a 
neutral position), and had recent wrist or ﬁnger fractures, 
ﬁxed ﬂexion deformities in the individual ﬁnger joints, or 
previous wrist problems limiting range of motion. People 
with cognitive impairments were not excluded.
Interventions
Participants in both groups received a 4-week program. 
The experimental group received 1 hour of daily electrical 
stimulation, 5 days per week, administered via a digital 
muscular stimulation unita. Electrical stimulation was 
applied to the wrist and ﬁnger extensor muscles while 
wearing a hand splint that kept the wrist and ﬁngers in full 
extension (as tolerated). After the hand splint was applied 
with the arm supported on a surface, the distal straps 
were loosened to allow room for the ﬁngers and wrist to 
extend beyond the splint during stimulation. This was done 
to optimise the stretch and to strengthen muscles at their 
shortest length where they are often weakest after stroke 
(Ada et al 2003). The electrical stimulation was applied 
through a pair of square electrodes (5 cm × 5 cm). The 
following parameters were used: pulse width of 300 μs, 
frequency of 50 Hz, on time of 15 s, off time of 15 s, and a 
ramping-up period of 1.5 s. The pulse width and frequency 
of stimulation were selected to optimise the strengthening 
beneﬁts of the electrical stimulation (Bowman and Baker 
1985). The amplitude of electrical stimulation was set at a 
level to produce maximum tolerable muscle contractions. 
If participants were unable to indicate tolerable levels 
of stimulation, the minimum amplitude of stimulation 
required to generate a palpable muscle contraction was 
used. At the beginning of each session, participants were 
instructed to contract the wrist and ﬁnger extensor muscles 
in time with the electrical stimulation. Participants were 
reminded regularly during each training session but not 
verbally encouraged with each contraction.
Both the experimental and control groups wore hand splints 
for 12 hours a day, 5–7 days per week. Custom-made hand 
splints were used to maintain the maximum tolerated wrist 
and ﬁnger extension. The splints were checked each time 
they were applied and modiﬁed as required to maintain 
comfort, ﬁt, and stretch. During the 2-week follow-up 
period, participants in both groups continued to wear the 
hand splint for 12 hours a day, 5–7 days per week. Electrical 
stimulation was not applied to the wrists of participants in 
either group during these 2 weeks. A diary was used to 
record the duration and frequency of electrical stimulation 
and splinting.
The electrical stimulation and usual care were administered 
by physiotherapists working in the participating units over 
the course of the trial. These physiotherapists were not 
randomised to participants and consequently they managed 
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an arbitrary mix of control and experimental participants. 
The splints were applied by physiotherapists, nursing staff, 
or physiotherapy assistants (under the supervision of the 
treating physiotherapists).
Throughout the study, no other stretch-based interventions 
were administered to the wrist. All participants received 
usual multidisciplinary rehabilitation provided by the 
participating units, which included training of hand function 
as appropriate. No botulinum toxin was administered to 
the wrist prior to or during the study period. Use of other 
anti-spasticity medication was not mandated by the trial 
protocol and was recorded.
Outcome measures
There were one primary and six secondary outcomes. The 
primary outcome was passive wrist extension measured 
with a torque of 3 Nm and with ﬁngers in extension. This 
was used to reﬂect the extensibility of the extrinsic wrist 
and ﬁnger ﬂexor muscles. The secondary outcomes were: 
passive wrist extension with a torque of 2 Nm, strength of 
the wrist and ﬁnger extensor muscles, spasticity of the wrist 
ﬂexor muscles, motor control of the hand, physiotherapists’ 
and participants’ Global Perceived Effect of Treatment, 
and perception of treatment credibility. Outcome measures 
were taken at the beginning of the trial (Week 0), after the 
intervention period (Week 4), and after 2 weeks of follow-
up (Week 6) (Figure 2). The outcome measures were taken 
by one of four blinded and trained assessors who assessed 
participants of both groups. The post-intervention and 
follow-up assessments were done more than 24 hours but 
within 3 days after the splint (and electrical stimulator) had 
been removed.
Passive wrist extension was measured with the application 
of two stretch torques (2 and 3 Nm) using a standardised 
procedure (Harvey et al 1994). Measurements with a torque 
of 1 Nm were considered initially but abandonded because 
of problems attaining meaningful results. This procedure 
has high test-retest reliability (Intra Class Correlation 0.85). 
The arm and hand were positioned on the measuring device 
with the participant lying in supine and the shoulder in 30–
45 degrees of abduction and the elbow fully extended (see 
Figure 1). Two participants had the measurements taken in 
supine with the elbows slightly ﬂexed and three participants 
were tested in sitting with elbow in 90 degrees ﬂexion 
because of shoulder or elbow pain. Once the position was 
determined at the baseline assessment, the same position 
was used for all subsequent assessments for each participant 
(post-intervention and follow-up). A pre-stretch was applied 
to the wrist and ﬁnger ﬂexor muscles for 30 seconds. Stretch 
torques of 1 Nm, 2 Nm, and then 3 Nm were then applied 
using a spring balance which was kept perpendicular to 
the hand. Wrist extension (in degrees) at torques of 2 Nm 
and 3 Nm was measured using a protractor attached to the 
measuring device.
Strength of the wrist and ﬁnger extensor muscles was 
determined with a dynamometer. This method has a 
high inter-rater reliability with an Intra Class Correlation 
Coefﬁcient range of 0.84 to 0.94 (Bohannon 1987). The 
dynamometer was secured on a purpose-built platform. 
Participants sat with the arm secured on the platform 
and were instructed to push their hands against the 
dynamometer as hard as possible for 3 seconds. They were 
given 5 attempts with at least 10 seconds rest between each 
attempt. The best of 5 measurements was used for analysis. 
The readings of the dynamometer (in kg) were converted to 
Newtons and then to torque values (in Nm) by multiplying 
the reading in Newtons by the distance between the wrist 
and the point of application of the dynamometer (ie, distal 
end of the second metacarpal).
Spasticity of wrist ﬂexor muscles was assessed using the 
Tardieu Scale (Tardieu et al 1954). The Tardieu Scale has a 
high percentage close agreement with laboratory measures 
of spasticity (Patrick and Ada 2006). Participants were 
instructed to relax during the test. The assessor moved the 
participant’s wrist as fast as possible. Reaction to passive 
stretch was rated on a 5-point scale.
Motor control of the hand was assessed using the hand 
movement item of the Motor Assessment Scale (Carr et al 
1985). The Motor Assessment Scale has a high test-retest 
reliability with a mean Intra Class Correlation Coefﬁcient 
of 0.95 (Carr et al 1985). All items were performed without 
assistance. Participants were scored on the best of three 
performances.
The Global Perceived Effect of Treatment was rated 
separately through questionnaires at Week 4 and Week 6
 
by the treating physiotherapists and participants (or their 
carers if the participants did not have the capacity to answer 
the questions). Assistance was provided to participants (or 
their carers) as needed by staff not otherwise involved in 
the study. The treating physiotherapists and participants 
(or their carers) were initially asked if they thought their 
wrists were better, the same or worse. Those who stated that 
their wrists were better were asked to rate the improvement 
between 1 (a little better) and 6 (a very great deal better). 
Those who stated that their wrists were worse were asked to 
rate the deterioration between 1 (a little worse) and 6 (a very 
great deal worse). These data were analysed by combining 
responses into a single 13-point scale with –6 reﬂecting 
a very great deal worse, 0 reﬂecting no change and +6 
reﬂecting a very great deal better. The minimally important 
difference was set at 1 point (Schneider and Olin 1996).
Perception of treatment credibility was evaluated by the 
treating physiotherapists and participants (or their carers) at 
Week 4 using questionnaires which captured their tolerance 
to the treatment (scored on a 5-point scale), their perceptions 
of the worth of the treatment (scored on a 5-point scale), their 
perceptions of the effectiveness of the treatment (scored on 
'JHVSFThe device to measure passive wrist extension.
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a 5-point scale), and their willingness to continue with the 
same treatment if it were to be provided (scored yes or no). 
Assistance was provided to participants (or their carers) 
as needed by staff not otherwise involved in the study. 
Treating physiotherapists were also asked to indicate if they 
would administer the treatment to the participants if further 
management for wrist contracture was needed (scored yes 
or no). In addition, participants and physiotherapists were 
asked open-ended questions directed at identifying any 
issues or concerns about the intervention(s).
Data analysis
The sample size was calculated a priori. Best estimates 
indicated that a sample size of 36 participants was required 
to provide an 80% probability of detecting a between-group 
difference of 5 degrees for the primary outcome, assuming 
a standard deviation of 5 degrees (Bakhtiary and Fatemy 
2008) and a 10% drop-out rate. The minimally important 
difference for the primary outcome was set at 5 degrees in 
line with a number of previous studies on joint contracture 
(Harvey et al 2000, Harvey et al 2003, Horsley et al 2007, 
Lannin et al 2007, Lannin et al 2003).
Linear regression analyses were performed to assess the 
effect of the intervention on passive wrist extension and 
strength. The centile routine of Statab was used to derive 
the median between-group differences and the 95% CIs 
for the ordinal measures (motor control of hand, spasticity, 
and Global Perceived Effect of Treatment). The responses 
from the questionnaires were analysed using chi squared 
tests. The ratings for treatment effectiveness, treatment 
worth, and tolerance were dichotomised into  3 and * 3 
for between-group comparisons. The signiﬁcance level was 
set at  0.05. Analyses were conducted separately for the 
post-intervention and follow-up assessments. Missing data 
were not imputed. All analyses were performed according 
to ‘intention-to-treat’.
Results
Flow of participants and therapists through the trial
A total of 356 patients were screened; 39 met the eligibility 
criteria but three declined to participate. Hence 36 were 
recruited and randomised: 31 (86%) had a stroke and 5 
(14%) had a traumatic brain injury. Table 1 outlines the 
demographic and neurological characteristics of the two 
groups. The ﬂow of the participants through the trial is 
illustrated in Figure 2. Approximately 15 physiotherapists 
working in the participating units administered the electrical 
stimulation and usual care over the course of the trial.
'JHVSF Recruitment and ﬂow of participants through the trial.
Experimental Group
t electrical stimulation 1 hour 
a day and splinting 12 hours 
a day, 5 days per week
Experimental Group
t splinting 12 hours a day, 
5 days per week
Control Group
t splinting 12 hours a 
day, 5 days per week
Control Group
t splinting 12 hours a 
day, 5 days per week
Assessed for eligibility (n = 356)
Measured passive wrist extension, strength, spasticity, hand control Randomised (n = 36)
(n = 18)                                                                                                (n = 18)
Excluded (n = 320)
t Not meeting inclusion criteria (n = 317)
t Declined to participate (n = 3)
Measured passive wrist extension, strength, spasticity, hand control,  
Global Perceived Effect of Treatment
(n = 15)                                                                                                 (n = 17)
Measured passive wrist extension, strength, spasticity, hand control,  
Global Perceived Effect of Treatment, perception of treatment credibility
(n = 17)                                                                                                (n = 17)
Lost to Week 4 
follow-up (n = 1)
t wrist fracture
Lost to Week 6 
follow-up (n = 2)
t could not be 
contacted (n = 1)
t moved overseas 
(n = 1)
Lost to Week 6 
follow-up (n = 0)
Lost to Week 4 
follow-up (n = 1)
t deceased
Week 0
Week 4
Week 6
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Adherence to the trial protocol
Adherence to the electrical stimulation was excellent and 
adherence to splinting was fair (Table 2). One participant in 
the experimental group participated in the program for only 
two days and then declined further electrical stimulation 
and splinting. He completed all the assessments. Five other 
participants (two in the experimental group and three 
in the control group) had poor adherence to the splinting 
regimen (< 50% adherence). Twelve (33%) participants were 
unexpectedly discharged home before completion of the 
program, with seven before the post-intervention assessment 
and another ﬁve after the post-intervention assessment but 
before the follow-up assessment (six in the experimental 
group and six in the control group). In all but three cases, 
their families and carers were relied upon to continue the 
interventions. In the three cases that this was not possible, 
an experienced and trained research assistant visited the 
participants and provided the interventions according to the 
study protocol.
Effect of electrical stimulation
All primary and secondary outcome measures are shown 
in Tables 3 and 4 (individual participant data are presented 
in Table 5 on the eAddenda). Both groups showed a mean 
loss in passive wrist extension over the 4-week intervention 
period (2 degrees in the experimental group and 9 degrees 
in the control group). The mean between-group difference 
at 4 weeks was 7 degrees (95% CI –2 to 15) in favour of 
the experimental group, which exceeded the pre-determined 
minimally important level of 5 degrees. However, the 95% 
CI reﬂected imprecision around this estimate. At follow-up 
2 weeks later, the mean between-group difference was 3 
degrees (95% CI –7 to 13) in favour of the control group. 
There were no convincing treatment effects at 4 or 6 weeks 
for any of the secondary outcomes although the mean (95% 
CI) between-group differences of the Global Perceived 
Effect of Treatment rated by the treating physiotherapists 
were 1 point (0 to 2) at Week 4 and 3 points (0 to 5) at Week 
6.
Tables 6 and 7 show participants’ and physiotherapists’ 
perceptions of treatment credibility, respectively. Five 
participants (3 in the control group and 2 in the experimental 
group) experienced some discomfort from the hand splints. 
There were no reports of any adverse events. Overall, the 
participants of both groups demonstrated no signiﬁcant 
between-group differences in their ratings for treatment 
beneﬁt, worth of treatment, tolerance to treatment, or 
willingness to continue with treatment. In contrast, the 
physiotherapists administering the electrical stimulation 
and splinting protocol reported signiﬁcantly higher levels 
5BCMF Baseline characteristics of participants.
Participant characteristics Randomised 
(n = 36)
Exp 
(n = 18)
Con 
(n = 18)
Age at injury (yr), median (IQR) 66 (57 to 75) 48 (34 to 62)
Gender, n male (%) 14 (78) 11 (61)
Cause of injury, n
 Stroke (haemorrhage: infarct: aneurysm) 5: 12: 0 5: 7: 2
 TBI (motor vehicle accident: fall: ﬁrearm) 1: 0: 0 2: 1: 1
Days from injury to baseline assessment, median (IQR) 42 (32 to 52) 69 (44 to 94)
Baseline GCSa, median (IQR) 6 
(n = 1)
7 (2 to 12)  
(n = 4)
Anti-spasticity medication, n (%) 2 (11) 4 (22)
Exp = experimental group, Con = control group, GCS = Glasgow Coma Scale score, TBI = traumatic brain injury, aTBI participants only
5BCMFAdherence to the trial protocol.
Exp 
(n = 18)
Con 
(n = 18)
Expected Actual 
median (IQR)
Expected Actual 
median (IQR)
Intervention period
 electrical stimulation (hr) 20 22 (20 to 24) OB OB
 splinting (hr) * 240 271 (218 to 324) * 240 289 (236 to 342)
Follow-up period
 splinting (hr) * 120 142 (95 to 189) * 120 120 (92 to 148)
&YQFYQFSJNFOUBMHSPVQ$PODPOUSPMHSPVQOBOPUBQQMJDBCMF
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of treatment effectiveness and worth than physiotherapists 
administering the splinting protocol alone. About half of 
the physiotherapists who administered the experimental 
intervention indicated that they would recommend 
5BCMFParticipants’ perception of treatment credibility at 4 weeks. The ratings for treatment worth and tolerance were 
dichotomised into <3 and *GPSCFUXFFOHSPVQDPNQBSJTPOT	
PGUIFRVFTUJPOOBJSFTXFSFBOTXFSFECZDBSFST
on behalf of the participants.
Outcome Groups Between-group 
comparison
p
Exp 
(n = 17)
Con 
(n = 17)
Considered the treatment beneﬁcial, n (%) 0.387
 yes 10 (59) 7 (41)
 no 7 (41) 8 (47)
 did not answer 0 (0) 1 (6)
 unsure 0 (0) 1 (6)
Rating for treatment worth, n (%) 0.866
 1 highly worthwhile 3 (18) 6 (35)
 2 reasonably worthwhile 7 (41) 2 (11)
 3 not sure 3 (18) 7 (41)
 4 not too worthwhile 1 (6) 1 (6)
 5 deﬁnitely not worthwhile at all 3 (18) 1 (6)
Rating for tolerance, n (%) 0.492
 1 comfortable 5 (29) 4 (24)
 2 slightly uncomfortable 4 (24) 4 (24)
 3 moderately uncomfortable 5 (29) 6 (35)
 4 very uncomfortable but still tolerable 2 (12) 2 (12)
 5 intolerable 1 (6) 0 (0)
 did not answer 0 (0) 1 (6)
Willing to continue the intervention, n (%) 0.353
 yes 11 (65) 9 (53)
 no 5 (29) 8 (47)
 did not answer 1 (6) 0 (0)
Exp = experimental group, Con = control group
an electrical stimulation and splinting protocol to the 
participants if further treatment for wrist contracture was 
indicated. Similarly, about half of the physiotherapists who 
5BCMFPhysiotherapists’ perception of treatment credibility at 4 weeks. The ratings for treatment worth and 
tolerance were dichotomised into <3 and *3 for between-group comparisons. n = number of responses from 
physiotherapists, not the number of physiotherapists.
Outcome Groups Between-group 
comparison 
pExp (n = 15)
Con 
(n = 14)
Rating for treatment effectiveness, n (%) 0.017
 1 very effective 1 (7) 0 (0)
 2 effective 6 (40) 1 (7)
 3 unsure 5 (33) 10 (71)
 4 ineffective 1 (7) 3 (21)
 5 very ineffective 2 (13) 0 (0)
Rating for treatment worth, n (%) 0.035
 1 highly worthwhile 1 (7) 1 (7)
 2 reasonably worthwhile 8 (53) 2 (14)
 3 not sure 1 (7) 4 (29)
 4 not too worthwhile 3 (20) 7 (50)
 5 deﬁnitely not worthwhile at all 2 (13) 0 (0)
Recommended the treatment, n (%) 0.837
 yes 8 (53) 8 (57)
 no 7 (47) 6 (43)
Exp = experimental group, Con = control group
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administered the control intervention indicated that they 
would recommend a splinting protocol alone.
Blinding of assessors
Blinding of the assessors was reasonably successful. 
The assessors reported being unblinded in three of the 
post-intervention assessments and two of the follow-up 
assessments. On two of these ﬁve occasions, a third person 
not involved in the trial and unaware of the participants’ 
group allocation was asked to read the wrist angle from the 
protractor while the unblinded assessor did the setup and 
applied the torque.
Anti-spasticity medications
Two experimental participants received anti-spasticity 
medication at baseline. One had the dose increased and 
the other stopped the medication during the intervention 
period. In the control group, four participants received anti-
spasticity medications at baseline with the dose decreased 
for two of them during the intervention period. Another 
participant started anti-spasticity medication during the 
intervention period and one other participant started it in 
the follow-up period.
Discussion
This trial was conducted in an attempt to ﬁnd a solution to 
contracture because a Cochrane systematic review indicates 
that traditional treatment strategies involving passive 
stretch alone are ineffective. We hypothesised that stretch 
provided in conjunction with electrical stimulation may 
be more effective than stretch alone through the possible 
therapeutic effects of electrical stimulation on strength and 
spasticity. While the mean between-group difference of 7 
degrees in wrist extension was in favour of the experimental 
group (electrical stimulation and stretch) at Week 4 and 
exceeded the pre-determined minimally important effect, 
this estimate of treatment effectiveness was associated 
with considerable imprecision leading to uncertainty about 
the added beneﬁt of electrical stimulation (as reﬂected by 
the wide 95% CI spanning from –2 to 15). We were also 
unable to demonstrate a treatment effect of the electrical 
stimulation on strength and spasticity. This perhaps explains 
our failure to demonstrate a convincing treatment effect on 
wrist extension.
The imprecision of our estimate (ie, 95% CI –2 to 15) was 
greater than expected and greater than a comparable study 
upon which we based our power calculations (95% CI 4 
to 7, Bakhtiary and Fatemy 2008). There are differences 
between our trial and that of Bakhtiary and Fatemy 
which may explain these differences. Our trial recruited 
people with obvious weakness, and either spasticty or 
reduced extensibility of the long ﬁnger ﬂexor muscles 
after an acquired brain injury regardless of anti-spasticity 
medication, whereas Bakhtiary and Fatemy recruited 
patients with spasticity after stroke who were not receiving 
anti-spasticity medication. It is possible that the two groups 
of patients respond differently to electrical stimulation. 
The electrical stimulation protocols were also different. In 
our trial, electrical stimulation was applied at the maximal 
tolerable intensity for 1 hour a day whereas Bakhtiary and 
Fatemy applied supramaximal levels of electrical stimulation 
(ie, the intensity was set at 25% over the intensity needed 
to produce a maximum contraction) for 9 minutes a day. 
It is not clear how participants tolerated such high doses 
of electrical stimulation. Another difference is that in our 
trial electrical stimulation was applied with the wrist held 
in an extended position in order to optimise any beneﬁcial 
stretching and strengthening effects. In contrast, Bakhtiary 
and Fatemy applied electrical stimulation with the ankle 
unsupported (and presumably in a plantarﬂexed position). 
We are not sure if any of these differences between the two 
trials are important.
There are other factors that may explain the imprecision 
of our estimate of treatment effectiveness. First, there was 
considerable variability in the participants’ age, length of 
time post-injury, and degree of spasticity, weakness, motor 
control, and hand contracture. These factors may vary the 
way participants responded to the intervention. Second, 
some participants in our study had difﬁculty relaxing 
during measures of passive wrist extension because of pain. 
Although any inadvertent muscle activity was unlikely to 
bias the results systematically, it may have added noise to 
the data leading to an imprecise estimate (ie, wide 95% CI).
Perhaps there are sub-groups of participants who respond 
more favourably to electrical stimulation than others. For 
instance, initial strength may be an important determinant 
of the effectiveness of electrical stimulation. There is 
growing evidence to suggest that electrical stimulation may 
be more effective for increasing strength when combined 
with voluntary movements or functional activity (Alon et 
al 2008, Bolton et al 2004, Chan et al 2009, de Kroon et 
al 2002, Ng and Hui-Chan 2007). It is possible that people 
with some strength in their wrist or ﬁnger extensor muscles 
beneﬁt more from electrical stimulation than those without 
any strength. However, our sample size was too small 
to explore this issue with post hoc analyses. While our 
participants were encouraged to contract the wrist and ﬁnger 
extensor muscles in time with the electrical stimulation, 
most (72%) participants did not have active wrist and 
ﬁnger movement at baseline and the majority did not have 
sufﬁcient cognition or concentration to co-operate. Future 
studies could consider limiting the study cohort to people 
with some active motor control or using electromyography-
triggered electrical stimulation to encourage participants 
to actively contract their wrist and ﬁnger extensor muscles 
during treatment.
We may have found a clear treatment effect if we had used a 
stronger dose of electrical stimulation (eg, higher intensity, 
greater frequency of application, and longer application 
duration) than the regimen we tested. We applied the 
electrical stimulation for 1 hour per day, 5 days per week, 
over 4 weeks. This is in line with the dosage of electrical 
stimulation provided in a trial reporting a moderate effect 
of electrical stimulation on wrist and ﬁnger extensor muscle 
strength post-stroke (Bowman et al 1979) but it is less 
than another trial in which 90 min per day of electrical 
stimulation was used for 8 weeks (Powell et al 1999). Future 
studies could investigate the effectiveness of electrical 
stimulation applied for longer each day and/or over a longer 
time period. The latter may pose considerable challenges 
to researchers and clinicians as it is increasingly common 
for patients to be discharged from hospitals within a few 
weeks of stroke and it may be difﬁcult to administer the 
intervention once patients are discharged home.
The feedback from the treating physiotherapists and 
participants suggest that electrical stimulation is well 
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tolerated. Adherence to the electrical stimulation 
protocol was excellent and there were no adverse events. 
Interestingly, while we did not ﬁnd a convincing treatment 
effect on our primary outcome, there was a tendency for the 
physiotherapists who implemented the electrical stimulation 
and splint protocol to give a higher score for effectiveness 
and worth than physiotherapists who implemented the 
splinting protocol alone (although the lower end of the 95% 
CI associated with the mean between-group differences 
indicated no difference). In the absence of any demonstrated 
treatment effect, this ﬁnding may reﬂect physiotherapists’ 
preconceived beliefs and expectations about electrical 
stimulation. There was no difference in the number of 
physiotherapists who indicated that they would recommend 
an electrical stimulation and splinting protocol versus the 
number who would recommend a splinting protocol alone.
The results of this trial do not provide conclusive evidence 
about the effectiveness of electrical stimulation for 
contracture management. Nor do the results indicate that 
electrical stimulation is ineffective. Certain sub-groups 
of patients may respond better to this intervention than 
others but larger studies will be required to identify them. 
Until further work has been done in this area, it may be 
reasonable to apply electrical stimulation for the treatment 
and prevention of contracture, especially as it is inexpensive, 
well tolerated, and not associated with harm. Q
Footnotes: aVersports stimulator, Ausmedic Mobility 
and Rehab, Australia. bStata Data Analysis and Statistical 
Software, www.stata.com.
eAddenda: Table 5 available at jop.physiotherapy.asn.au
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